The hypothesis of the current study was that bioactive components including vitamins, dietary fibers, and polyphenols may have both the ability to bind to bile acid and inhibit pancreatic lipase activity. ß-carotene, vitamin C, and vitamin U as vitamin, cellulose, ß-glucan, and pectin as dietary fibers, and apigenin, curcumin, hesperidin, kaempferol, and quercetin as polyphenols were chosen. The bile acid binding capacity was measured via the furfural-H 2 SO 4 test at the concentration of 2.5 mg/mL with cholestyramine resin used as a positive control (binding value of 87.17 %). The pancreatic lipase inhibitory ability of bioactive components was measured by following the hydrolysis of p-nitrophenyl butyrate. Among the compounds tested, pectin, vitamin C, and ß-glucan had the highest binding capacity to bile acid, at 82.7, 67.8, and 33 %, respectively. The results suggest a positive correlation between water solubility and the bile acid binding capacity of the tested bioactive components. At 20 mg/mL concentration, the inhibiting values of all components were relatively lower than the positive control (orlistat, 54.4 %), ranging from 1.3 to 7.6 % of the negative control. Among them, curcumin and cellulose are the highest pancreatic lipase inhibitors with inhibiting values of 7.6 and 7.5 %, respectively. These results imply ß-glucan, pectin, vitamin C, cellulose, and curcumin as potential components in reducing the uptake of hydrophobic toxic components through inhibiting micelle formation under human digestion fluid.
Introduction
As modern industry develops, more hazards are released into the environment (Pinheiro et al. 2004; Elliott and Frickel 2013) . Unavoidably, human beings are threatened by various diseases as a consequence of being exposed to these hazards (Brown and Donnelly 1988; Grandjean and Landrigan 2006; Dematteo et al. 2013) . The food industry, with its processing packaging, and delivery evolving at an incredible rate, is facing with many serious problems with food safety (Sinha et al. 1998; Phillips 1999) . For instance, polycyclic aromatic hydrocarbon generated during food processing and environmental hormone contamination during food packaging has been detected in processed foods and has been proven to have adverse effects on consumer health (Colborn et al. 1993; Kalf et al. 1997) . Interestingly, most of these hazardous chemicals are lipophilic, such as polycyclic aromatic hydrocarbon, polychlorinated biphenyls, and alkylphenolic compounds. Hence, it is possible to solubilize lipophilic hazardous chemicals in dietary lipids, and its absorption was facilitated by bile acid in intestinal lumen for being absorbed into the human body (Laher and Barrowman 1988) . Additionally, another digestive enzyme that is possibly involved in the uptake of these lipophilic hazards is pancreatic lipase. The main function of pancreatic lipase in digestion is to hydrolyze dietary fats into a mixture of monoglycerides and fatty acids, which then binds with cholesterols, fat-soluble vitamins, and hydrophobic substances to form micelles (Winkler et al. 1990) .
The digestibility and bioavailability of lipophilic hazards are highly dependent on food components and digestive juices because of physical or chemical interactions between food components, and between food components and digestive juices during digestion process. For instance, it was reported that there was a decrease in the B[a]P-induced mutation frequency in liver when mice consumed 150 mg/ kg of B[a]P with green tea (Jiang et al. 2001) . Knuckles et al. (2001) reported that the absorption of B[a]P in rats was much higher in mice exposed to B[a]P via peanut oil than those injected only B[a]P into duodenum. Therefore, interest in using natural food components to reduce digestibility and accessibility or to modulate absorption mechanism of hazardous chemical has increased as opposed to using drugs that result in unexpected side effects (Mahadevan et al. 2005; Kim et al. 2012; Duarte-Salles et al. 2013; Yang et al. 2014) . One possible mechanism is that natural food components may either bind to bile acid or inhibiting pancreatic lipase, interfering the formation of micelles, thus reducing the absorption of hazardous components. Besides, these natural components also provide various health benefits such as antioxidants, anti-carcinogens, and anti-inflammatories (Ryun Hee and Bae Jin 2014).
The major purpose of this study was to evaluate the effect of bioactive components on bile acid and pancreatic lipase activity in order to suggest the potential components in reducing micellization and the uptake of toxic components during the digestion process.
Materials and methods

Chemicals and reagents
Bile acid, calcium chloride, cholestyramine resin, dimethyl formamide, ethylenediaminetetraacetic acid solution (EDTA), furfural, morpholinepropanesulfonic acid, orlistat, pancreatic lipase, p-nitrophenyl butyrate, sulfuric acid (H 2 SO 4 ), Tris buffer, and bioactive components including b-carotene, b-glucan, apigenin, cellulose, curcumin, hesperidin, kaempferol, pectin, quercetin hydrate, vitamin U (S-methylmethionine), and vitamin C (ascorbic acid) were purchased from Sigma-Aldrich (St. Louis, Mo, USA).
Determination of bile acid binding capacity
Bile acid binding capacity by bioactive components was examined by a previous method with some modifications (Górecka et al. 2003; Shin et al. 2005) . In detail, an aliquot amount of commercial grade of bioactive components (4 mg) were added into 1.6 mL of bile acid solution (2.4 mg bile acid in 1 mL of 0.1 mM phosphate Buffer) and incubated for 1 h at 37°C with continuous shaking. After filtration by a 0.2 lm syringe filter (PVDF filter media, Whatman), an aliquot amount of sample (200 lL) was treated with 1 mL sulfuric acid (16 N) for 5 min at room temperature, followed by adding 200 lL of furfural (2.5 %). After 1 h of reaction, the absorbance of the sample was measured at 510 nm of UV spectrum using the microplate reader (Varioskan Flash, Thermo Fisher Scientific, Vantaa, Finland). The phosphate buffer without bile acid and cholestyramine resin were used as a blank and a positive control, respectively. A standard curve was plotted for absorbance versus concentration for known bile acid concentrations: 0, 0.15, 0.3, 0.6, 1.2, and 2.4 mg bile acid/mL (R 2 = 0.9829). Bile acid binding capacity was calculated by percentage of free bile to initial bile acid through the following equation:
Measurement of pancreatic lipase inhibitory activity
Two concentration levels of stock solution (4 and 20 mg/ mL) for the bioactive components were prepared by dissolving commercial grade b-carotene, cellulose, b-glucan, pectin, apigenin, curcumin, hesperidin, kaempferol, and quercetin in dimethyl sulfoxide (DMSO). With the same procedure described as above, vitamin C and vitamin U were dissolved in distilled water. The inhibiting capacity of bioactive components to pancreatic lipase activity was assessed by adding 100 lL of bioactive component solution in an enzyme buffer containing 30 lL pancreatic lipase (10 units in buffer containing 10 mM morpholinepropanesulfonic acid and 1 mM EDTA (pH 6.8)), 850 lL of Tris buffer, and 20 lL substrate solution (10 mM p-nitrophenyl butyrate) and incubating for 15 min at 37°C (Kim et al. 2007; Roh and Jung 2012) . The activity of pancreatic lipase was followed by measuring the formation of p-nitrophenol Innitial bile acid concentration À treated bile acid concentration ðunbound bile acidÞ Innitial bile acid concentration Â 100 %:
(from p-nitrophenyl butyrate) which had a maximum absorbance at 405 nm. The enzyme buffer without bioactive components was used as a control and orlistat was used as a positive control. The inhibiting activity of bioactive components was calculated by the following equation:
Abs ðcontrolÞ À Abs ðtreatÞ Abs ðcontrolÞ Â 100 %;
where Abs indicates absorbance at 405 nm.
Statistical analysis
All experiments were performed in triplicate and data were reported as the mean ± standard error of mean. Statistical analysis was carried out by one-way ANOVA and Tukey's post hoc test at a significant level of 5 % for the determination of statistical difference among treatments using GraphPad Prism 3.0 software (GraphPad, San Diego, CA, USA).
Results and discussion
Binding ability to bile acid by bioactive components
The percentage (%) of bounded bile acid was calculated to examine the bile acid binding capacity by bioactive components (Fig. 1) . Cholestyramine resin proved to be able to interact with bile acid through its anionic sites, thus it was (2016) 59(3):475-479 477 used as a commercial medicine for lowing cholesterol and fat (Daggy et al. 1997) . The current study used cholestyramine resin as a positive control, and its capacity of binding to bile acid was up to 87.17 % at the concentration of 2.5 mg/mL. The current study used vitamins, dietary fibers, and polyphenols as bioactive components to examine bile acid binding capacity. Among vitamins, ß-carotene as a precursor of vitamin A was not observed to have an interaction with bile acid (-0.9 ± 0.9 %) (Fig. 1A) . Vitamin C and vitamin U (sulfur-methyl-L-methionine) showed binding capacity with 67.8 and 2.8 %, respectively, indicating that vitamin C had a noticeable effect on the binding capacity of bile acid (p \ 0.05). With regard to dietary fibers, cellulose, pectin, and ß-glucan were selected based on its solubility (Fig. 1B) . Pectin had the highest ability to binding to bile acid (82.7 %), indicating almost equal to cholestyramine resin as well as two times higher than ß-glucan (33.0 %). In contrast, cellulose was seemed to be not able to interact with bile acids (-1.1 ± 1.6 %). Similar to the results from the current study, a previous study showed that pectin was able to bind to cholic acid via the C=O/ester or acid (Yuanita and Sanjaya 2011) . Another study also showed that ß-glucan was claimed to reduce cholesterol levels in blood through its ability to binding bile acids through ionic interaction of its cationic amino groups (Shin et al. 2005) . Accordingly, solubility of dietary fibers has a positive correlation with bile acid's binding capacity. In case of polyphenols, kaempferol, hesperidin, curcumin, quercetin, and apigenin were chosen to represent two main classes of the polyphenol such as phenolic acids and flavonoids (Fig. 1C) . At the tested concentration of 2.5 mg/mL, the bile acid binding capacity of kaempferol, hesperidin, curcumin, quercetin, and apigenin were 12.4, 10.9, 9.4, 9.1, and 5.1 %, respectively. All tested polyphenols had bile acid binding capacity, and there was no significant difference among them (p [ 0.05). As these targeted flavonoids have the same 3-hydroxyflavone backbone, we assume that functional groups of flavonoids possibly interact with bile acid through ionic interaction because bile acid is a mixture of positive and negative charges (Daggy et al. 1997) . Besides, in accordance with the current results, curcumin solubility was reported to be enhanced by binding to different sites of bile acid aggregates (Mandal et al. 2013) Overall, a positive correlation was observed between water solubility and bile acid binding capacity of the tested bioactive components.
Inhibiting pancreatic lipase activity by bioactive components
The inhibiting capacity (%) for lipase activity by bioactive components is shown in Table 1 . Orlistat (i.e., tetrahydrolipstatin), which is a derivative of lipstatin found in the bacterium Streptomyces toxytricini, is an anti-obesity medication (Kaila and Raman 2008) . Orlistat binds to the active side of lipase, preventing lipase from hydrolyzing dietary fat. In the present study, orlistat was used as a positive control. The inhibiting values of orlistat were 37.2 and 54.5 % at 4 and 20 mg/mL concentration, respectively. In the vitamin group, b-carotene showed the greatest inhibiting pancreatic lipase ability ranged from 3 to 3.4 % pancreatic lipase at the tested concentrations of 4 and 20 mg/mL, respectively, followed by vitamin U (2.1-2.3 %) and vitamin C (1.4-1.8 %). All tested dietary fibers were able to inhibit lipase activity. Among them, cellulose had the highest binding activity with 5.6-7.5 %, while b-glucan and pectin showed a similar activity (2.3-3.0 %). The ability to inhibit lipase activity by polyphenols was also examined. As the concentration is increased, the inhibiting ability for lipase by apigenin and curcumin sharply rose 2.5 and 1.7 times, while kaempferol and quercetin increased slightly from 3.5 to 4.2 % and from 1.3 to 1.5 %, respectively. Hesperidin showed a relatively low inhibition of lipase activity at both 4 and 20 lg/ mL concentrations. A previous study also reported that kaempferol and quercetin in crude extract of Cassia auriculata, a plant well known for treating diabetes, had low anti-lipase activity (Solomon 2013) . The study indicated that quercetin inhibited 50 % of lipase activity at 43.9 lg/mL concentration, while kaempferol did not have anti-lipase activity at the concentration lower than 71.6 lg/ mL. Although the current study identified hesperidin with low ability of inhibiting lipase, a previous study demonstrated that hesperidin from the Citrus unshiu's peels as an anti-lipase activity compound, which can inhibit 50 % lipase activity at 32 lg/mL concentration (Kawaguchi et al. 1997) . The current results imply that all tested bioactive components provided low ability to inhibit pancreatic lipase activity at low concentrations. The results of screening tests of potential bioactive components from the current study suggest that co-consumption of ß-glucan, pectin, vitamin C, cellulose, and curcumin can prevent lipophilic toxic components from absorption in human digestive cells by reducing micellization in digestive fluid.
